We report laboratory measurements of cross sections of CH 3 D and C 2 H 5 D in the extreme ultraviolet. The results are incorporated in a photochemical model for the deuterated hydrocarbons up to C2 in the upper atmosphere of Jupiter, taking into account the fast reactions for exchanging H and D atoms between H 2 and CH 4 , H ϩ , . Since there is no reliable kinetics measurement for the reaction, 
). The (D/H ratio ) CH 4 ranges from to (Feuchtgruber et al.
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1.8 # 10 2.9 # 10 1999; Encrenaz et al. 1999) . However, the D/H ratios for other hydrocarbons, especially C 2 H 6 , are unknown. The deuterated compounds in the upper atmospheres of giant planets have not been modeled, except for HD and CH 3 D (e.g., Parkinson et al. 1999) . The main reasons are the lack of photochemical and kinetics data related to the deuterated compounds.
In this Letter, we present measurements of absorption cross sections of the most important deuterated hydrocarbons, CH 3 D and C 2 H 5 D, in the extreme ultraviolet (EUV) and preliminary results of a photochemical model of deuterated hydrocarbons in the stratosphere of Jupiter. There are three major mechanisms for deuterium-hydrogen fractionation: (1) the difference in photolysis rates between CH 4 and CH 3 D and between C 2 H 6 and C 2 H 5 D; (2) the difference in molecular diffusion rates in the upper atmosphere between hydrogen and deuterium species; and (3) the different exchange rates between deuterated and nondeuterated species; e.g., the rate coefficients of the reactions are different in the forward and back- A double-beam absorption cell, described previously (Cheng et al. 1999) , was used to determine the cross sections of CH 4 , C 2 H 6 , and their deuterium isotopmers. The light source was synchrotron radiation dispersed by 1 m Seya Namioka monochromator. The monochromator was typically scanned in 0.1 nm steps with a signal-averaging period of 2 s at each step. The absorption cell has an inner diameter of 39.5 mm and a path length of 171.7, 1133, 3288 mm (for CH 4 and CH 3 D), or 553.9 mm (for C 2 H 6 and C 2 H 5 D). It has a pressure port connected with five calibrated MKS Baratron capacitance pressure meters (with varied ranges 1-10,000 torr, in steps of factors of 10). To avoid interference resulting from desorbed impurities and variations in cell temperature due to irradiation, a reservoir of 600 cm 3 in volume was connected to the cell.
One of the most important factors that demands great attention is to eliminate and to quantify minor impurities in samples. CH 4 , C 2 H 6 (both Matheson), CH 3 D, and C 2 H 5 D (both Cambridge Isotope Laboratories, isotopic purity 98.8%) have listed chemical purities of 99.999%, 99.99%, 98.7%, and 99.8%, respectively. To purify CH 4 and CH 3 D, we set up a vacuum distillation system and connected it with a White cell coupled with a Fourier transform infrared spectrometer. A copper cell ∼15 cm 3 in volume was affixed on one end to a cold head of a cryostat cooled by a compressor so that the sample may be trapped at varied temperature for distillation. From IR analysis of the purified CH 4 sample we found no evidence of H 2 O or CO 2 . We estimated an upper limit of 0.2 parts per million (ppm) for these impurities. About 620 ppm of CH 3 D in natural abundance was also determined. For the purified CH 3 D sample, impurities CDCl 3 , H 2 O, CO 2 , and other organics were successfully eliminated at the first cycle of the purification. The impurity level of CO (∼0.3%) remained roughly the same even after repeated cycles of vacuum distillation. No spectroscopic evidence of CH 4 or higher deuterated species CH 2 D 2 , CHD 3 , and CD 4 was detected. The remaining fraction of oxygen is 2970 ppm, indicating a reduction by ∼45% after purification. It appears that traces of CO and O 2 cannot be separated from CH 4 (CH 3 D) by vacuum distillation. C 2 H 6 and C 2 H 5 D were vacuum-distilled between 77 and 195 K and then slowly passed through a Pd/charcoal activated absorbant at 195 K. After purification, no CO 2 , C 2 H 4 , or O 2 was detectable in the vacuum UV spectrum. Gladstone et al. 1996 ; (3) Seakins et al. 1997; (20) Yung et al. 1988 . At each wavelength, absorbance was plotted against number density and fitted to a line by least-squares to yield the absorption cross section of the sample. The resultant absorption cross sections of CH 4 and CH 3 D (and C 2 H 6 and C 2 H 5 D) in the spectral range 105-150 (and 105-161) nm are shown in Figure 1 . Our CH 4 and C 2 H 6 spectra are nearly identical to those of Mount, Warden, & Moos (1977) . Near the threshold region, our values are smaller because our samples are free from interferences from absorption of trace impurities (M. Bahou et al. 2001, in preparation) . Note that the cross sections of the heavier isotopmers deviate around 132 nm, as would be expected on the basis of the zero-point energy theory of Yung & Miller (1997) .
KINETICS AND PHOTOCHEMICAL MODEL
On the basis of the models of Gladstone, Allen, & Yung (1996) and Lee et al. (2000) , we develop a model with deuterated C1 and C2 species. We assume no difference between kinetics of deuterated hydrocarbons and their corresponding nondeuterated hydrocarbons for most reactions. However, the branching ratios for photodissociation of the deuterated species could be different. A partial list of deuterated reactions is presented in Table 1 Michael & Fisher (1990) . Seakins et al. (1997) determined the rate constant for reaction of methyl radical and deuterium atom,
Since there is no reliable kinetics measurement for its reverse reaction, (R106), we use the value de-
rived by Yung et al. (1988 the same case as in Fig. 2a . The thick lines are for the case in which the ratio of rate coefficients for the forward and the backward reaction is taken to be the stoichiometric value of 3 (Yung et al. 1988) . A similar estimate for exchange reactions in this case adopts the ratio of 2 : l rate D ϩ H ↔ H ϩ HD 2 coefficients for the forward and the backward reaction. The standard model is shown in Figure 2d . The thin lines denote the same case as in Figure 2a . The thick lines are for the case with different rate constants for both directions of the exchange reaction, as given in temperature-dependent equilibrium constant for the exchange reaction. At a typical temperature of 150 K for the Jovian upper stratosphere, the equilibrium constant K for D ϩ CH ↔ H ϩ 3 is 381, which results in a much higher production rate CH D 2 for CH 2 D. Consequently, the D/H ratio for C 2 H 6 is an order of magnitude larger than that for CH 4 . Thus, the model predicts a result that can be tested by the determination of the abundance of C 2 H 5 D in the upper atmosphere of Jupiter. The nature of the temperature dependence of this fractionation factor implies even larger isotopic enrichment in the outer solar system. Thus, we expect that in the other giant planets' atmospheres, such as Saturn's, the D/H fractionation factor is even larger than in Jupiter because of their lower stratospheric temperatures. However, the fractionation may be modified by the exchange of D atoms with vibrationally excited H 2 (C. Parkinson 2000, private communication) . The Cassini mission may provide observational evidence for the enrichment of deuterated ethane in the upper atmosphere of Saturn.
